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This process is highly suppressed
in the SM

FCNC
Helicity suppressed




This process is highly suppressed
in the SM

FCNC
Helicity suppressed

Expected BRis 3.5%£0.2 x10°
But almost every BSM scenario can
enhance this decay rate.

Some models suppress it further.

A promising place to look for new

physics!




There is a long history of searches for this decay, at the Tevatron

and earlier. This is the final result from DO.
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Tevatron data set

Run Il Integrated Luminosity

19 April 2002 -30 September 2011

This result ' —Delivered
represents the full | —Recorded P
DO Runll dataset |
10.4 fb"

Thanks to Tevatron
operations!
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Understanding the background is the key

There are two main sources of background
sequential decays
double-b decays
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/ 2 To muon mass range studied was 4.0-7.0 GeV
//// - mass range 4.9 to 5.8 GeV was blinded.

//// e S|gnal region was 5.15 to 5.55 GeV, the rest a control region

/// %ﬂerstand the background as thoroughly as possible.

- Use a multivariate method (we used a Boosted Decision Tree from
- TMVA). Signal MC and data side bands used for training.

The normalization mode B*— J/y K* was used to determine the
number of B, —up decays expected.

Estimate signal and background, confirm with the control region first.



Some standard tools

Dimuon isolation

+ Data sidebands

We also look at the isolation
cone around each muon
individually.
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standard tools
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Search for additional vertices close to the dimuon vertex




Normalization mode is
B*— J/y K* with
Jhy—pp

We reconstruct about
85K such decays.

Used to determine
sensitivity as well as
validate Monte Carlo

Normalization Mode

« data
— Full fit
— =B = Jiy K*
Exponential bkg.
- B Partial recon.

Events / 5 MeV

5.5 5.6

© M(uuK) (GeV)



Single Event Sensitivity

£y X Sigoy Fopmy X BBE = J/WKE) B/ — ptp”)

The single event sensitivity is the BR at which we expect one event in
the dataset.

Ingredients are:

Number of B* decays seen

Efficiency ratio We expect 10.4 + 1.1 signal

Fragmentation fraction ratio events in our dataset before

Branching ratios BDT cuts, at the SM branching
ratio




Monte Carlo trigger corrections

//T/e triggers are single and dimuon triggers which are not
///modeled in the Monte Carlo. The MC muon p_ distributions must

be weighted to correct for the trigger. Normalization mode is used
to determine the weights and to validate the procedure.
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Boosted Decision Tree

//P';selection cuts before training removed 96% of background and
~ retained 78% of signal.

DO, 10.4 fb
Expected background
28111+ 194
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Cosine of 2D pointing angle ® >0.95

Cosine of 3D pointing angle ®_>0.9 After preselection cuts, before BDT cuts
Dimuon p. > 5 GeV



BDT detalls

7

3 U f ariables—kinematic plus isolation-type variables.
% | S ;}bﬁhds used for background, signal MC for signal.
~ We trained two BDTs—one for sequential decays, which
///igr/nin/ate the low mass sidebands, and one for double B
/}’eﬁéys, which dominate the high-mass sidebands.

s
f// ‘Three data subsamples A, B, C

4

A used to train (25%)
B used to optimize location of cuts (25%)
C used to estimate background in control/signal region (50%)
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Normalized Events

B2 pu MC
+ Data sidebands
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Normalized Events

Normalized Events
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Trained two BDTs, one for sequential
decays (BDT1), one for double B decays
(BDT2)




% so backgrounds from
and/g —hh where his a K or .
ﬁ%s ﬁxcellent muon system helps us

ere, the background from these decays
is 0.28 £ 0.11 events.

Events / 25 MeV

After the BDT cuts our expected signal is
1.23 £ 0.13 events

Total expected backgroundis 4.3 £ 1.6
events, giving an expected limit of
23 x10° (CL_ method)

D@, 10.4 fb™
Expected background
4.0+1.5

65 7
M(up) (GeV)



Time to unblind!

/////

We first opened the control
~ region, to be sure the

~ observation fit expectations .

We saw nine events,
consistent with the expected
number, 6.7+ 2.6 events.

So proceed opening the
signal region

Events / 25 MeV

= Signal reglun events
— Control region events

=8 Bl 5> un SMx 5

— Backgrnund estimate

9 5 5152053 54 55 56 57 5.8
M(up) (GeV)



Final unblinding

/ We see three events, a
slight fluctuation downward
giving us a slightly more
stringent limit
thanexpected

= Signal reglon events
Control region events

TR B > un SMx 5
Backgruu nd estimate

Events / 25 MeV

BR(Bs —»up)<15x 107
at 95% CL

Published in Feb. 2013:
Phys. Rev. D87, 072006
(2013)
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Cross checks

BDT1 0.15 0.16 0.17 0.18 0.19
One of several cross-checks

done after the unblinding. » Expected events
= Observed events
The BDT cuts were relaxed
symmetrically, and the
expected and observed
number of events compared.

0.21 022 0.23 0.24 0.25 0.26
BDT2



New results presented at EPS

At EPS Atlas presented a limit the same as DO, 15 x 10°
(Atlas-conf-2013-076).

Both CMS and LHCb showed results with > 46 evidence, with BR
values in good agreement with the SM.
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/a e SM trlumphs again.
//§ >

//%f/re is a slight excess of B, —p p. Maybe we will see
/ //éémethlng new in an unexpected place?

: At D0, we made the most of our data and obtained the best
Tevatron limit.

Congratulations to CMS and
LHCDb for reaching the summit!
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